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Abstract
In the article, the question of suburban areas’ development, where construction was carried out under complicated hydrological
and geological conditions, was discussed. The development of the area with a small watercourse, which bogs the site and makes 
the construction more difficult, is considered. Hydrological, geological and meteorological components of the area’s condition
were analyzed and the recommendations concerning protection the area from a flooding were given.
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1. Introduction
Taking into consideration the fact that country and individual housing construction is developing in the outskirts 
and the suburbs of the big cities, ground areas, which used to be considered as unsuitable for the development 
earlier, are increasingly often used for the construction now. In particular, these are such areas, where natural or 
artificial water flows were situated [1-6]. The biggest part of owners of such areas unfortunately does not realize the 
whole complex of problems, which they will definitely face in the future while using their country estate [6-11]. In 
view of the great number of such problem areas and the fact that their quantity will continue to increase the issue of 
this article is considered reasonably relevant [11-13]. The most essential of these problems are connected to the 
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factors determined 
by the presence of a water flow [13-16].
As it is known, small water flows’ hydrological regime (that is the most of brooks and watercourses running on 
the private areas) is characterized by existence of high water periods when a great water flow in the watercourse and 
mean water periods when water flows often dry up or freeze totally. The biggest problems are, of course, connected 
to the protect against water flow of flood. It is well known that high waters, which are able to flood an area and 
cause a great damage to the area’s owner, take place quite often [17, 18]. Mostly area’s owners do not even know 
about the fact that high waters may take place and frankly state: “I’ve been living here for ten years and everything 
was ok with my brook,”- and this is why they strongly refuse any actions, which may help to prevent or cushion 
consequences of a great high water [19].
The other factor is connected with the peculiarities of the area’s geological construction where the water flow is 
situated. Water flow, which exists for a long period of time, is characterized by a strong layer of alluvial deposits, 
which compose its riverbed. Sometimes these deposits have parameters, which hamper the construction of serious 
structures [20, 21].
Of no little significance is availability of water receiver, which is able to receive all the watercourse flooding 
taking away from the area [18]. As a rule, water flow channel, which used to pass through an area, does not remain 
in its original form and in the best case, it transforms to a gutter. Such gutters mostly remain in an insufficient 
condition. Their slopes become swollen; channels are filled up with garbage and lose their flow capacity. The 
highest water flow in the watercourse will inevitably lead to its overflow and downstream areas’ flooding.
Likewise great difficulties are caused by the way of pass flow through the cottage-area. Traditional pipes working 
in free-flow regime should have big diameter and consequently they are expensive. Initial open channel recovery is 
possible rarely. It estranges great area; it is not aesthetic, especially in dry period, and might be a source of sanitary 
problems.
Present work offers three method to solve abovementioned problems for a particular object. However, it should 
be underlined that an object, the description of which is given below, is quite typical and the methods used for its 
reconstruction can be used for other similar areas.
2. Object and methods
Observed area is situated in Solnechnoje settlement, which is in Kurortnuj district Of Saint Petersburg 2 km away 
from Gulf of Finland Northeast cost. Geological examinations took place in the area. The data obtained during the 
data engineering studies indicate that the design area consists mainly of clay with silt and sand streaks. Based on 
present basic data and examinations carried out by the authors, following data for a forthcoming planning were 
accepted. For the areas, complex fine sand a depth of a freezing makes up 1.4 m, for the sand of medium size – 1.5 
m, for plastic loam – 1.3 m. In order of frost grained sand, grained sand are related to not heaving soils of the second 
group and loams are related to middle heaving soils. Soils composing the area are slightly aggressive to concrete. 
Grounds possess middle corrosive aggression to steel. A depth of ground waters accumulation is from 0.4 to 1.2 m.
Northeast border of the area almost coincide with a ledge of one of the Gulf of Finland terraces. The ledge’s 
height is 4.0m. Ledge’s bottom, which has the length of 75 m within the country area, is characterized by a gradient 
of approximately 3m. To the north-east of cottage area reduction of area square some 800 m2, with the depth of 2 m, 
width of 40 m and length of 7 m (Fig 1.). At the present time this area’s declension constitutes wetland covered by 
low forest and partially filled with construction garbage. Drainpipes are inserted in this lowland from the 
neighboring lands. The lowland itself constitutes transformed water flow channel, which plan is presented in the 
Fig. 2.
Water flow constitutes an object of anthropogenic origin, which have not been looked after and therefore it 
gained features of natural brook. Length of the water flow is approximately 300 m. The distance between the water 
flow bed and the surface of the area where it flows amounts up to 2 m. The channel has been overgrown with grass 
and in some places with lowly shrubs.
Several hydro-technical constructions are situated on the observed area and on the neighboring lands to 
accumulate and regulate water flow. Within 70 m from Northeast border of the area there is a dam, which was 
constructed in the middle of 20th century (Fig. 1, position 1). It constitutes landfill 18 m wide on top.
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In the body of the dam, there is concrete pipe of 700 mm diameter with concrete cap from the side of the lower 
pool. 70% of the pipe is covered with sand and gravel. Within the whole length of the pipe, there are cracks and 
breaks, which can be witness by the holes in the body of the pipe within the route of the pipe. 
Contact filtering is observed on the pipe’s contour. Concrete pipe’s head has sank to one side and has cracked. 
Dam’s slopes and the main part of the made land are in the satisfactory condition – only the back of the dam is 
blurred a little near the place where the flow enters the pipe. A small concrete wall is situated almost near the 
Northeast border of the area, where a ferrule with diameter of 300mm is brought, which skip water flow on a 
cottage-area (Fig. 1, position 3). 
Fig. 1. Topography plan of area: 1 – dam, 2 – marshy lowlands, 3 – small concrete wall, 4 – cottage.
Under the wall, which performs as a spill way, there is an underground gutter covered with horizontal trash rack. 
From this trash rack polyethylene crimped pipeline with the diameter of 500mm diverges, which is laid partially on 
the clay soil without sand preparation on the depth smaller than the depth of freezing. Pipeline crosses the whole 
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length of the area. There are three similar manholes: two on the area’s territory and one out of it. The pipeline, when 
exits country area, follows under a road situated beyond South-East border of the area and enters a ditch, which has 
a flowing towards Gulf of Finland. This ditch is in unsatisfactory condition: riverbed is silty and filled; depth of the 
ditch is less than 0,7m, which defines its low bandwidth.
Fig. 2. 1 – cottage territory, 2 – water flow collecting area, 3 – water flow channel..
Existing situation on the object observed in this work assumes resolution of the following tasks. Firstly, thorough 
examination of a technical condition and operational qualities of the country area’s hydraulic system and 
neighboring lands should be carried out. Secondly, hydrological characteristics of the water flow should be counted 
in accordance with normative documents. Thirdly, it should be checked if existing hydro-technical constructions can 
provide settlement of flood water flow through the country area. Fourthly, if needed, measures for reconstruction of 
existing and for creation of new hydrological constructions which would be capable not only to leave out necessary 
amount of water but also could provide minimal operating costs for the area’s owner and his or her neighbors should 
be offered.
3. Results and discussion
The following tasks were accomplished regarding the reconstructed object. Visual observation of the dam, which 
is situated outside of the country area, was conducted. It was shown that its condition doesn’t let water flow. 
Clogging of the pipe is possible thus skip flood can’t be realised, water flow channel may overfill which may lead to 
the destruction of the dam and the water will enter lower territory.
A ferrule with the diameter of 300 m, which is in the concrete wall, may be also locked with the garbage which 
fills underwater area. There is no other way to skip water flood then use pressure regime, which will lead to flow’s 
spill and to the wash-out of the neighboring soil.
Pipeline’s path with the diameter of 500 mm observation permitted to estimate that because of its installation on 
the loam without a sandy cushion on the depth much smaller than the depth of the freezing it has suffered a grate 
vertical displacement and got a reversed incline.
Hydrological calculations of the water flow, which supplies the area with the water regime, were carried out. It 
was accepted that the construction referred to the IV-th class of solidity and was being exploited in normal 
conditions. In order to get data for the calculation levelling of the water flow’s water collection square and country’s 
area was made. In accordance with the calculations it was established that for the normal exploitation conditions a 
flood storm flow is 820 liters per second. A preliminary calculation of the pipeline’s bandwidth has shown that in 
recommended for such type of the constructions free-flow regime it is capable to pass maximum flood flow of 450 
liters per second. This flood flow is obviously smaller than a flood storm flow. This has defined a need to develop 
measures which would let, firstly, increase the flood flow and, secondly, would let to cut the flow, which comes 
from the water flow to the above-mentioned pipeline.
The first task was solved through the pressure’s mode in the pipeline maintenance when creating the pressure in 
the pipeline’s entrance, which secured pass of the increased in comparison with the free-flow conditions flow rate. 
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Taking into consideration the conditions of the territory which is to the North-East from the country area use 
maximum flood of the pipeline’s cap can’t exceed 0.5 m. Considering this amount as the pressure in the pipeline’s 
cap entrance we realize that in this case a flow rate, which the pipeline will pass, would be 350 liters per second. 
The necessity to create such a pressure defines a need for a water tower construction, i.e. a small dam. The height of 
such a dam should be 2.8 m. This height was defined by the foot of dam location, which was lower than the level of 
freezing and by the necessity for a crest of the dam to be higher than maximum water level. The dam’s length is 
10 m, width of the crest – 0.5 m, width of the foot – 1.6m. The dam’s body provides armature in upper and lower 
bands. In the middle of the dam there is a water carrying element, which constitutes a ferrule with the diameter of 
500mm, which is connected to the manhole. The manhole has increased lower part, which performs as a settler for a 
garbage, which comes to the area from the water flow. The pipeline’s branch comes from the manhole, which leads 
to the country house. As it is shown on the Fig. 2 from the side of the area the dam is not well-observed – its bigger 
part is covered with the fill-up soil. Under the fill-up soil there is also a manhole and a ferrule’s part. A part of a lent 
form water flow’s parcel on the way to the dam is strengthened with a stony consolidation, which prevents this area 
from the overgrowing.
The second task (discharge rate coming to the pipeline cutting) is solved by the limitation of skipping water flow 
through the “old” dam. Mentioned limitation is reached by the replacement of the existing pipe with the diameter of 
700 mm to the pipe with the diameter of 300mm. This pipe when the high water comes “cuts” its peak owing to 
accumulation of the flow’s part in the upper pool and gradual flow’s passing to the lower pool. In order to calculate 
the process of “flow-accumulation” a special method and corresponding computer program were developed. The 
calculation results show that storm high water with the typical for Kurortnyj district of St. Petersburg continuity the 
discharge coming to the pipeline would be equal to 305 liters per second. This water discharge is less than ones 
which could be passed by the pipeline which is situated on the area when its cap is 0.5 m flooded.
The installation of the pipe with the diameter of 300 mm in the “old” dam leads to the complex reconstruction of 
the last one. According to the project developed by the authors the reconstruction includes following. Takedown of 
the ferry-concrete pipe is provided and instead of it in order to pass the water in the body of the dam ferry-concrete 
chute is constructed. The chute in the given conditions constitutes optimal type of culvert element as when necessary 
it may provide instant access to each part of culvert highway and also simplicity of service and exploitation.
Chute’s channel is presumed of rectangle cut with width of 750 mm and height of 1800 mm. The chute is 
performed on a monolith foundation with a deepening of its foot by 1.3 m from the channel’s surface. The width of 
the foundation is 1550 mm.
The chute’s walls have a thickness in the upper part of 200mm, in the basement of 400 mm. Chute’s covering are 
ferro-concrete plates, which are installed in the slots of the upper part of the walls. Each plate has a cut 
1000*400*150 mm. Such size of the plates is chosen because the weight of each plate should be less than 100 kg. 
All in all 29 plates are needed.
In the center of the chute athwart to the flow’s direction a barrier, which blocks the chute in its lower part, is
installed. In the barrier’s basement a ferrule with the diameter of 300 mm and the length of 0.5 m is monolithic. The 
space between the top of the barrier and the top of the chute’s walls with the height of 250 mm will perform as a 
emergence automatic discharge.
In order to get rid of the contact filtration on the contour of the chute diaphragm which circles the chute on its 
outside part is provided. A groove installed in a soil and monolithic in the chute will perform as a diaphragm. 
Diaphragm should be of such size that it could block reverse foundation pit filling and was 1m below the chute at 
least.
In the chute a trash rack is provided in order to prevent the ferrule from choking. The trash rack is installed in the 
slots and could be lifted. Trash rack’s clearance is performed by hand from the dam’s comb. Upper slope is designed 
1:2, lower 1:1.5. The slopes are strengthening by a stony consolidation on the reverse filter. Special attention should 
be paid to the ditches system, which serves as a water, which comes from the area, intake. The ditches should be 
thoroughly examined on their whole length. The estimation of their bandwidth is needed.
We use the following relationship for head loss taking into account discharge = 350 sec-1:
locall hhH  (1)
where hlocal – all local head losses, hl is head loss on Darcy-Weisbach equation (line resistance) [18]: 
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We use for hlocal values a 35% of line resistance taking into account design experience and according a complex 
system of the local resistance (3 manholes, 6 turns with <90ɨ, corrugated pipeline). Thereby head losses are 
following:
)(26.135.093.093.0 ɦH   (3)
4. Summary
It may be considered that the work performed by the authors is relevant enough. For the first time the principles 
of hydrotechnical provision for the territories where small water flows take place are formulated in the work. The 
structure of the constructions needed for the provision is chosen. The list of the calculations for some of them is 
supplied. The author’s offers are accomplished on the real object and tested in the process of the object’s 
exploitation.
References
[1] Massey, J.H., Walker, T.W., Anders, M.M., Smith, M.C., Avila, L.A. Farmer adaptation of intermittent flooding using multiple-inlet rice 
irrigation in Mississippi (2014) Agricultural Water Management, 146, pp. 297-304.
[2] Stephenson, V., D'Ayala, D. A new approach to flood vulnerability assessment for historic buildings in England (2014) Natural Hazards and 
Earth System Sciences, 14 (5), pp. 1035-1048.
[3] Birkholz, S., Muro, M., Jeffrey, P., Smith, H.M. Rethinking the relationship between flood risk perception and flood management (2014) 
Science of the Total Environment, 478, pp. 12-20.
[4] Everett, G., Lamond, J. Household behaviour in installing property-level flood adaptations: A literature review (2014) WIT Transactions on 
Ecology and the Environment, 179(1), pp. 511-522.
[5] Wedawatta, G., Ingirige, B., Proverbs, D. Small businesses and flood impacts: The case of the 2009 flood event in Cockermouth (2014) 
Journal of Flood Risk Management, 7 (1), pp. 42-53.
[6] Liao, K.-H. From flood control to flood adaptation: A case study on the Lower Green River Valley and the City of Kent in King County, 
Washington (2014) Natural Hazards, 71 (1), pp. 723-750.
[7] Bilskie, M.V., Hagen, S.C., Medeiros, S.C., Passeri, D.L. Dynamics of sea level rise and coastal flooding on a changing landscape (2014) 
Geophysical Research Letters, 41 (3), pp. 927-934.
[8] Zheng, H., Barta, D., Zhang, X. Lesson learned from adaptation response to Devils Lake flooding in North Dakota, USA (2014) Regional 
Environmental Change,14 (1), pp. 185-194.
[9] Park, D., Jang, S., Roesner, L.A. Evaluation of multi-use stormwater detention basins for improved urban watershed management (2014) 
Hydrological Processes, 28 (3), pp. 1104-1113.
[10] Burchsted, D., Daniels, M.D. Classification of the alterations of beaver dams to headwater streams in northeastern Connecticut, U.S.A. 
(2014) Geomorphology, 205, pp. 36-50.
[11] Lee, H., Alday, J.G., Cho, K.-H., Lee, E.J., Marrs, R.H. Effects of flooding on the seed bank and soil properties in a conservation area on the 
Han River, South Korea (2014) Ecological Engineering, 70, pp. 102-113.
[12] Huang, C.-J., Hsu, M.-H., Chen, A.S., Chiu, C.-H. Simulating the storage and the blockage effects of buildings in urban flood modeling 
Terrestrial, Atmospheric and Oceanic Sciences, 25 (2014), pp. 591-604.
[13] Lapin, G.G., Zhirkevich, A.N. Hydrotechnical construction: Characteristics of the Amur basin and operating regimes of the Zeya and Bureya 
hydroprojects during passage of the 2013 flood (2014) Power Technology and Engineering, 48 (2), pp. 75-84.
[14] van Staveren, M.F., Warner, J.F., van Tatenhove, J.P.M., Wester, P. Let’s bring in the floods: de-poldering in the Netherlands as a strategy 
for long-term delta survival? (2014) Water International, 39 (5), pp. 686-700.
[15] Aref'ev, N.V., Badenko, V.L., Osipov, G.K. Basin-landscape approach to the organization of environmental monitoring of hydropower 
complexes on the basis of geographical information technologies (1998) Power Technology and Engineering, 32, pp. 660-663.
[16] Chechevichkin, V., Vatin, N. Megacities land drainage and land runoff features and treatment (2014) Applied Mechanics and Materials, 641-
642, pp. 409-415.
[17] Jakubinsky, J., Bacova, R., Svobodova, E., Kubicek, P., Herber, V. Small watershed management as a tool of flood risk prevention (2014) 
IAHS-AISH Proceedings and Reports, 364, pp. 243-248. 
[18] Bregje K. van Wesenbeeck, Jan P M. Mulder, Marcel Marchand, Denise J. Reed, Mindert B. de Vries, Huib J. de Vriend, Peter M.J. Herman. 
Damming deltas: A practice of the past? Towards nature-based flood defenses (2014) Estuarine, Coastal and Shelf Science, 140, pp. 1-6
231 Anatoly Makarov et al. /  Procedia Engineering  117 ( 2015 )  225 – 231 
[19] Filatova, T., Mulder, J.P.M., van der Veen, A. Coastal risk management: how tomotivate individual economic decisions to lower flood risk?
(2011) Ocean. Coast. Manag., 54, pp. 164 - 172.
[20] R. Dan Moore and John S. Richardson. Progress towards understanding the structure, function, and ecological significance of small stream 
channels and their riparian zones (2003) Can. J. For. Res., 33, pp. 1349–1351.
[21] March, J.G., Benstead, J.P., Pringle, C.M., Scatena, F.N. Damming tropical island streams: problems, solutions, and alternatives (2003) 
Bioscience, 53, pp. 1069-1078.
